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This paper analyzes the economic and investment implications of a series of climate 
mitigation scenarios, characterized by different levels of ambition in terms of long term 
stabilization goals and the transition to attain them. In particular, the implications of fairly 
ambitious scenarios are investigated for the first time by means of the model WITCH. 
Although milder climate objectives can be achieved at moderate costs, our results show that 
stringent stabilization paths, compatible with the target of the European Union and the G8, 
might have important economic repercussions. The timing of mitigation action influences 
the cost of meeting a target as well the stringency of the targets we can aspire to. To contain 
costs it is crucial to rely on a wide mitigation portfolio. Strong reductions in energy 
consumption through enhanced energy efficiency and life style changes are needed to 
achieve stringent climate policies. The analysis carried out in the present paper contains 
several idealistic assumptions that could be violated in the real world where some 
technologies may not be fully available, technology transfers and diffusion are imperfect, 
some world regions may not accept to reduce their GHG emissions, trading might be limited 
to some sectors or to a fraction of the total abatement effort, etc. This would increase the 
challenge of climate protection and the costs of reducing GHG emissions. 
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c.  Wide  mitigation  portfolio.  Renewables,  CCS,  nuclear, REDD,  and  innovation  (R&D) are  all 
indispensable  to  minimize  stabilization  costs.  Renewable  technologies  and  carbon  free 
innovation should be incentivized through appropriate policies. 




































mitigation  options  are  the  endogenous  improvement  of  overall  energy  efficiency  with  dedicated 
energy R&D and reducing emissions from deforestation and degradation (REDD). 
Energy saving is believed to be one of the most convenient mitigation options. In the model, 
investment  in  energy  saving  knowledge  is  modeled  to  cumulate  in  a  knowledge  stock  which 
substitutes  energy  inputs  to  produce  energy  services.  Hence,  instead  of  being  modeled  as  an 
autonomous process, improvement in energy efficiency is the product of specific investments. 
In  the  longer  term,  however,  one  could  envisage  the  possible  development  of  innovative 
technologies with low or zero carbon emissions. These technologies, which are currently far from 





to  pick  a  winner  but  simply  assume  that  through  R&D  investments  one  or  the  other  potential 
alternative will become available at a competitive cost in the future.  This representation has the 
advantage of maintaining simplicity in the model by limiting the array of future energy technologies 














The  scenarios  designed  for  this  modeling  exercise  have  been  chosen  to  test  a  range  of 
assertions.  These scenarios are described in detail in Table 1 and Figure 1 but they can broadly be 
placed into three main categories: 
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1 2014 3% 6 45% 78% 86% 91% 2.05 1849 2508
2 2016 4% 6 48% 78% 87% 91% 2.02 1875 2434
3 2020 5% 6 44% 76% 85% 90% 2.08 2000 2519
4 2030 5% 6 24% 58% 70% 81% 2.36 2447 3138
5 2020 2% 11 21% 56% 70% 81% 2.41 2263 3333
6 2020 1% 11 7% 34% 50% 64% 2.74 2392 4006
7 2030 1% 11 3% 20% 34% 49% 3.00 2622 4540
8 2020 3% 11 31% 64% 78% 85% 2.25 2172 2967




















































Several  patterns  are  identifiable.  Keeping  the temperature  increase at  the end of the  century 
between 2.5 and 3° Celsius (S6 and S7) entails very contained costs that hardly exceed 1% of GWP 
and that decline in the second half of the century thanks to technological progress. Economic 































































































































































compensated  for  in  subsequent  periods)  given  the  larger  emission  overshoot.  Also,  given  the 
anticipation of very stringent emission reductions in the future, significant investment effort is put 
on improving energy and carbon efficiencies, which lowers the abatement costs and contains the 





























































energy  to  agriculture.  The  actions  required  in  the  energy  sector,  the  most  important 
contributor of carbon emissions, can be seen in Figure 5. Indeed, it indicates that a range of 





























































efficiency,  and  this  indeed  is  a  key  mitigation  option,  especially  in  the  early  periods.  Inevitably, 
however, lower consumption will be required, and this will happen only through changes in lifestyle. 
In previous studies, (Bosetti et al 2009d and Edenhofer, Carraro et al. 2009) we have analyzed the 
relative  values of single  technologies in  the  portfolio  of mitigation  options.  Carbon  capture  and 
storage  (CCS)  and  renewables  have  the  highest  potential  to  act  as  low‐cost  mitigation  options. 
Nuclear energy can contribute substantially to emission abatement, although it entails specific risks 
that can only be partially accounted for in the models. In the long‐term, the higher the restrictions on 
technology  availability,  the  larger  the  role  that  will  be  played  by  energy  efficiency.  Given  major 
uncertainties in future technology development, it is necessary to encourage diversification in order 
to have a broad portfolio of options. 
An  additional  and  important  issue  regards  innovation.  Technological  advancement,  especially  for 
clean fuels, will be indispensable to mitigate GHG emissions. This calls for substantial investments in 
R&D, as shown in Figure 6. Roughly 200 billion USD per decade will need to be mobilized in the next 




















































































































allowing  for  limitations  in  international  carbon  trade  and  where  flexibility,  considering  limits  on 
technology availability. Also, one could consider measuring net policy costs, thus including avoided 
































Climate  Change  Mitigation:  New  Perspectives  Using  the  Witch  Model?",  OECD  report  and  Fondazione  Eni 
Enrico Mattei, Working Paper N.14‐2009. 
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